Almost 20 percent of the world's population lacks access to safe drinking water (DW) and basic sanitation. The Target 10 of United Nations Millennium Development Goals is "to reduce by half, the proportion of people without sustainable access to safe DW, by 2015". In order to reach the goal, many countries are investing in water treatment systems in a big way. However, it has been proved that household system is more effective than centralized systems as it ensures quality of DW at the point of consumption. The current study compares household level drinking water treatment technologies for urban and rural areas of India using Analytical Hierarchy process (AHP), a multi criteria decision making (MCDM) tool. Traditional and commercial technologies suitable for urban and rural households from the consumer perspective have been considered. Preferences given for the choice of technologies are based on literature review, household level survey, market survey and semi-structured interviews with various governmental and non-governmental officials. The technologies considered for the current study are not only suitable to both urban and rural areas, but affordable (costing up to `10,000 OR $162) to middle and lower middle class households.
Introduction
Water constitutes for about 70% of the earth's geographical area while only 1 % of it is potable. As per the 2 nd UN World Water Development Report (2006) , more than a billion people lacked access to safe drinking water. In the developing world very few countries treat water and sanitation as a political priority, with majority countries allocating limited budget. Even with the limited budgets emphasis has been providing infrastructure for water supply, with little or no investment on water quality. The world's most serious health issues arise from unsafe and inadequate water supplies. Drinking water along with poor sanitation and hygiene contribute to 4 million cases of diarrheal diseases annually of which 1.5 million are children below 5 years (UNICEF, 2008) , with 1,600 deaths daily in India. In most cases, drinking water which is available is not portable and contaminated with microbes and organisms, organic and inorganic chemical pollutants. In India, 30% of urban and 90% of rural households still depend completely on untreated surface or groundwater (India water portal, 2009) resulting in 37.7 million people being affected and 73 million working days lost due to waterborne disease annually. As per Water Aid report (2010) the economic burden resulting due to waterborne diseases is around ` 3000 million. The Target 7c of United Nations Millennium Development Goals is to reduce by half, the proportion of people without sustainable access to safe drinking water, by 2015. In order to reach the goal, India has been investing in providing safe DW and sanitation to the tune of ` 1,105 billion from independence till the 10 th plan (2002) (2003) (2004) (2005) (2006) (2007) . With such a high priority for provision of safe drinking water many governmental and nongovernmental agencies are involved in the business of providing safe drinking water. On the Government front, the focus has been on development of water infrastructure more so for providing drinking water to urban areas. However, as per Census 2001, only 17.9 % in rural and 62.0 % in urban areas have access to treated water. With most of water being untreated, and with no assurance of treated water remaining pure till it reaches households, increasing number of people are becoming conscious of the risks of drinking contaminated water and have been investing on water purifiers. It has been found that household systems are more effective than centralized systems in that it ensures quality of drinking water at the point of consumption. The commercial household water purifier industry has seen a phenomenal growth, growing at the rate of 20% /year and now stands at `. 15 billion market. The motivation of the study is to find out which of the currently available household level drinking water treatment technologies are suitable for the urban and rural households.
Hypotheses/Objectives
The objective of the study is to compare the technologies in the rural and urban context by understanding the preferences so as to enable appropriate choice of technology. The scope of the study is to select technologies which are common for urban and rural context, while the preferences of urbanites and ruralites are different.
Research Design/Methodology
The steps involved in the current research are given below. 1. Identification of ten technologies was undertaken using market survey, household survey of urban and rural people. The technology alternatives selected were common for urban and rural set up, of which five technologies were conventional methods (Alum, Boiling, Alum-Boiling-Straining (Sobsey, 2002 , Thomson, 2008 , Verma, 2010 , SODIS, Biosand Filter (Michael, 2008 ), Ceramic Candle Filter (Amber, 2005 ), while the other five were commercially available technologies (Terafil Filter (Khuntia, 2010) , Tata Swach (Tata Chemicals, 2004) , Pureit (Pureitwater, 2004) , Aquaguard Classic (Eurekaforbes, 2011) ). Primary data for each of the technology were obtained from discussions and interviews with Government officers and the relevant organizations, companies, officials and other key informants. The order of preferences of urban and rural people was obtained through survey on candidate technological, performing, social, economic and time factors. 2. Ranking of the technologies was carried out using Analytical Hierarchy Process (AHP); a Multi Criteria Decision Making (MCDM) tool. As AHP is a simple and easy multi-criteria decision making tool, developed by the mathematician Thomas Saaty (Saaty, 1990) , is used for selection of alternatives in the current study.
Data/Model Analysis

Perspective for AHP
The choice of technology for drinking water treatment at household is usually done by consumers. Further, the choice made by the urban and rural consumers differ as it is based on various factors such as their socio-economic conditions, cultural conditions, local availability, technical support available, size of the family, storage facility level, subsidy, ease of usage, level of awareness, source of water, type and extent of contamination. Thus, though the perspective considered for the present study is that of the consumers, two AHP namely for the urban and rural are carried out.
Hierarchy Decomposition of attributes
The problem of technology alternatives in drinking water treatment at household level is hierarchically decomposed into four levels as shown in the Figure 1 . In this hierarchical structure, the technology alternatives in household level drinking water treatment are considered to be characterized by five main attributes in Level 1: Performance factors, Table 3 and  Table 4 respectively. Table 3  Quantitative attributes and their values   Criterio  n  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  C Criteri  on  T1  T2  T3  T4  T5  T6  T7  T8  T9 
Note: H High, M Medium, L Low, VH Very High, VL Very Low
Criteria Weightage
The weightages were attributed through consensus by professionals working in water treatment technologies and AHP and also from information collected from household level survey, market survey, talking to various numbers of people belonging to government and non-governmental organizations. To illustrate Table 5 shows the weightages for urban context given by the decision-makers. Similar exercise was carried out for rural context. 
Results and Discussions
Preferences for consumers
The consumer's preferences for an urban and rural setup vary, as their choices differ. This has come up through, household level survey, market survey, talking to various numbers of people belonging to government and non-governmental organisations. These choices differ based on their local availability of technologies, socio-economic conditions, cultural conditions, technical support available, size of the family, storage facility level, subsidy, ease of usage, level of awareness, different source of water, different type and extent of contamination. The preferences for urban and rural are described below.
Urban Context
For an urban set up, though the source water may undergo municipal water treatment, it may still cause an outbreak of dangerous bacterial contaminants in tap water due to insufficient sewerage systems. Therefore people in urban areas prefer improving biological efficacy. Also, water being travelled and stored for a long period of time there are chances of leakage in pipes and materials getting deposited in it. This may result in chemical and biological contamination. So people in urban areas also prefer chemical efficacy. As there is a huge scope of delivery of services, consumers prefer the durability of technology over its reliability. Urban consumers prefer the technologies which are low cost, occupy less space and time to operate and maintain. As the average family size is small, meeting high demand quantities is not much preferred. Brand is one of the major determining factors for consumers. More preference is given to the automatic facilities and ease of operating it. The online technology is preferable where there are no power issues. Consumer, especially urban, are conscious about the disposal of the used products and their impact on environment, which is reflected by their choice of technology.
Rural Context
For rural areas water may be contaminated directly at the source or may get contaminated during collection, storage and use in the home. So it is necessary to treat the biological, physical and chemical contaminants. The ability to treat depends on the extent of contamination at each stage. Reliability of the technology is also preferred as they cannot rely completely on maintenance services. Consumers prefer low initial cost technologies, made up of locally available materials which are easy to manufacture, operate and maintenance. Maintenance cost is expected to be less, as there are less provisions of service and also the replaceable parts are not available everywhere. Consumers do not mind even if the operational time and space required for installation is large. They are not much aware about the commercial products and their brands while the technologies which are promoted or developed by government or non-governmental organizations are more popular. As the population size is high, it essential to cater different demand quantities. People are aware about the safety process for boiling however the ability to detect failure is given less importance. Preference is given to self maintained technologies. These preferences have contributed in identification of the attributes which define the required goal for the given consumers perspective.
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Ranking of Technologies
After comparison of attributes at each level, priority values have come up based on the given situation, conditions, preferences and knowledge. It comes out to be that the initial cost is given most preference, as people preferred to have low cost technology. The ability to treat biological contaminants is preferred over chemical and physical. Durability of the technology is given the next priority as consumers want the technology to sustain for long period. Thus, the performance factors have a major role in ranking the technologies. Economic factors follow performance factors, where maintenance cost plays an important role. Urban consumers prefer less time for maintenance of technology which is one among the top priority. Thus, maintenance factors also play a major role in giving the preferences. Operational time is the next preference followed by technological factors like flexibility to demand quantities and possibility of self maintenance. Flexibility to demand quantities, ability to detect failure, brand value, eco friendliness, space requirement for installation have come out to be different from the preferences considered and expected.
Initial cost has come out to be the top priority followed by reliability and maintenance cost. Thus, economic factors contribute to a greater proportion in determining the technologies. Durability is the next attribute in the priority list, contributing performance factors. Possibility of self maintenance is given the next priority followed by flexibility to demand quantities. Ability to treat physical, chemical and biological have come to have low priority than expected. Time factors are also given least priority apart from the maintenance time, as it is essential to maintain it for long duration.
Both the rural and urban areas have similar priority given to low initial cost, maintenance cost, operational cost and self maintenance. While urban areas have higher preference in maintenance time, operational time, brand value, space requirements and eco-friendliness of the technology which is expected. Reliability is given higher preference in rural while in urban it is durability. It is slightly surprising to notice that the ability to treat the contaminants is given higher preference in urban areas compared to rural. Boiling is coming has come out to be the top priority as its initial cost is low, its durability and reliability are high, as long as the fuel is available. Its performance is also good, as it just needs to treat the biological contaminants. These attributes have come out to be the priority factors in technology ranking. Boiling also has less maintenance time and operational time compared to some of the other technologies. Also the suitability to different socio-economic strata and flexibility to demand quantities are high. Though boiling has high operational cost with high fuel consumption as it has medium priority, it is not given that importance. Boiling has drawback of concentrating chemicals it doesn't have much impact in ranking, as municipal water has low chemical contamination. Also boiling is suggested by doctors. Aquagaurd has come out to be the second technology preference as its ability to treat biological contaminants is high, maintenance time is long, durability is also high. Also it has high flexibility to demand quantities, less operational time, low operational cost, high maintenance time. As it satisfies almost all the priorities it has been ranked second. It has been ranked second because of its very high initial cost of the aquagaurd is very high. Alum-Boiling and straining has been ranked third as its initial cost is low, with high durability, ability to treat contaminants, reliability and also low maintenance cost and time. These are few reasons the combination of the three methods have been ranked three. SODIS has come out to be fourth preference as its initial cost is very low, durability is high and ability to treat contaminants is high along with very less maintenance cost and no operational cost. While its reliability is less as it is not suitable for all seasons. The other commercial technologies like Pureit, Tata Swach, ceramic candle filter, have come to have low ranks as it does not satisfy most of the criteria required. T1  T2  T3  T4  T5  T6  T7  T8  T9  T10   C1 SODIS has been ranked top most for rural as it has low initial cost and less maintenance cost, high durability, suitability to different economic strata, flexibility to demand quantities. and maintenance time. These are some of the reasons for SODIS being ranked top. It has low reliability as it cannot be used in all seasons. Boiling has come out to be second rank as it satisfies all the required criteria, apart from its high operational cost and lack of eco-friendliness. Other reasons are similar to that described in the above. Biosand filter is ranked third while it has almost most favorable factors to be implemented in rural context. Its initial cost is medium, reliability and maintenance time being high with no operational and maintenance cost. It is made up of local materials so there is a great chance of self maintenance and thus no market facilities required. The major disadvantage is it doesn't have capacity to different demand quantities and also its low adaptability to different socio-economic strata. Fourth preference is the combination of the technologies, that is has almost criteria satisfying. Similar to urban, commercial products have been ranked least priority as they doesn't satisfy most of the criteria's, especially due to its low market facilities Table 8 Final Criterion weights and ranking of technologies for Rural context Criterion Weightage T1  T2  T3  T4  T5  T6  T7  T8  T9 From the above tables the choice of technologies are different for an urban and rural setup. For the top rankings, technology preferences have come out to be different for urban and rural. The last rankings are almost similar for both urban and rural.
Sensitivity Analysis
Sensitivity analysis was carried out to study how the rankings change with removal of different attributes. In urban context, the lower-order rankings are not much sensitive to the removal of a initial cost while, the highest ranking is found to be dependent of the removal of initial cost. Thus, Aquagaurd was given a higher rank when initial cost was not considered. Apart from that there was not much difference in other rankings with SODIS falling down to 7 th rank from that of 4 th . The technologies are not sensitive to other attributes. Even in rural areas initial cost is the most sensitive attribute with Biosand filters coming out to be the top preference without considering initial cost.
Conclusions
DW quality is one of the major issues of concern in the current scenario, both in urban and rural areas. Household level treatment technologies are one of the solutions for water quality. There are number of technologies available for treating DW based on the source, type and extent of contamination. For the present study, technological classification based on the conventional and commercial methods is considered. The conventional 
